
Principles derived from Study of Bacterial and i;hage Genetic systems 

I. ihe Or;;xnizaticjn of the Nucleus in the :3acteria: 
1. DJXA is not bound with protein as in hi;;:her ore:anizins , 
2. No true nucleus as in higher oreZanis!:ls; a !'nuclear vacuole" colltai-,i.iIg 

the DNA. 
3. No nucleolus; no nuclear membrane. S&i.deg (, L, 3,q- 

4. Xjk in form of a ring. %. coli, 
30-40 Angstroms wideI- 

K-12; DNA 1,100 to 1,400 mi,zrons long. 

5. Replication of b,x Lcterial chromes 'i:e: Semi coY:servative. Starts at 
one positian and continues aihong chromosome: Cairns diagram tiue 5" 
iiutoradiograph titudy: PhotograLh: Slideb 

6. i?osition of start of replication process: Examined in d. coli =znd 
B. subtilis. 

(a) B. subtilis: One strain: Ytlways strrts 
one direction: 

at one point and goes in 
lys 

ind met 
GA ade thr tyr his leu iluval phe 

(kc+ , .-..‘/ 
ileu T /< 

2%,&j 
. (b) Other strain: No discovered set position. 

(c). %. coli, k-12. Rela&ion of start of rej,lication to the 
sex factor, when present: ill~ays starts at F factor:ba 7 

(d). 
1.2 

No rnitotic aijparatus; cell membrane; psrticula-i- ;;ositi:?n; 
Piode of grobvth of bacterium during division. 

%pliJuli 
dhen FA incorporated ir;t,o bacterial chr-,mos ~jme - its 

replication sJrstem dozliinates b,..cteri:*zl system, as 
shown by Nagata. Significance important for sex 
.beh-,;:vior . b?iL ,_ rettirn to this. 

II. Types of genes recognized in bacteria: Clnsses : 

81ass 2%: (l~Stimu;-~~~ral" genes ; related to pro&Action of er9zymes: 
d ̂ - transcription from X$-A. yrotein - trtirislation from 

IllRhJA 
l$tn.nt sit,es in the structural genes: Diasrsm h--.-A- 

bltu.q -uM (.9-&g ; - &&up* (L&l.LL?&iL( p&d. 
Q.h* -i- 

Cl:iss B: Only RNA produced: l&f&‘ p&$tyi,& 
(2) Ribosomal genes - 2 $ of genome 

"** /w@q +M.&A~~~ 
& g$&Li&l@$tQ‘ 

(3) Transfer RNA - soluble RKA /t jr known; ho,& acts. OLL~: CL~~QV~~~~ 

(4) Regulator genes 
lJJ&& tP$- 1' -.--;r'<* ai‘l 

-- product not yet known. iossibly RrZ 
attached to specific Drdrgein 

epecial classes:C, 
(5) ,The super-suppressors: lypes 

cpdL,& _ l**jfT(,~ 
r %R 

(a) uup. Garen et al. pkvLp + Q ri h pv'p' "s ) 
\1 5 Lt.*+ 

(b) Smr 
/, -P 

certain mutants requiring streptomycin. E&X?@@ 



(6)'The 
i ~&u&i) 

"operators" At initiation point of readPngA of JNA of gene or 
0pi:ron. 

III. The organization of the genes in the bacterial chro~:rosome, 
&&~&UJ - 

1. The operons 
or 

op J 8 I Regulator I L I I 

Examples: Histidip: Genes -enzymes for biosynthetic 
production of histidine: Slide 7 

pathway to 

Order of genes and enzymes invthway: 
Yosition of first enzyme and the operator. Coordination. --- 

2. Biosynthetic pathway - genes not together: Example: A..ginine genes 
w-i&e iD 

.__-- 
. The Regulator - position; Coordinatii;n not as above 

3. Salmonella and E. coli: related. Order of genes the same in both 
organisms. 

4. dpecia.1 type of gene orgnization and control: 
producing flagella antigen: 

The HI ;ind H2 Genes 

"'uplicnte genes; only one acts at a time. dontrol mechanisms -- 
will co:sider along with maize control mechanisms. 

IX. Transformati,)n and trsnsduction: significance for relating bacteria to 
higher organisms. 

,*&rn 
1. Transforir:ati:jn: DN1iAextracted from one str~n: pl:;ced in medium with 

another; markers present; uptake of 1)1;1~ molecules; replacement 
of XA in bacterium by introdi:ced 9NA molecule0 

Extraordinary process: Synapsis on the molecular level; occurs 
with great rapidity, 

2. Transduction: occurs through participation of episo-cAes. Introduce 
DC from one bacterium to another through being carried by the episo;:!e.r-G> '*. 

3. The bacterial viruses: DNA viruses. different types. i>i.fferb:nt sizes, 
Xxample: The ph:?ge ptjrticle; its pt:rts. bu_s tr, id 

ntt<achment of ;,hr;$e to bacte.;ium: Slide ti 
Insertion of Ghage chro..;osorle: Slide 1~ 

j-L.. &,/Beh;zvior of bacterium during phase regorduction: slide I? 
Ll L lhe ph:qe chromoso e: uanbda: Slid= ic, lb 16Y7Ymicro~As%A 

omall -pMge. 6.latiJAG4 i.4 4 -Q-q 2 hi:, J 
i 

The order of the genes in phsge T-4: 

4 . Transducti,)n: ihage nicks up piece from bacterial chro~.os:.:;,e: 
Infects bacterium. does not co:-tain its own genes. 
Ko Di3L-e reproduction. I-iece from one b:scte-rium to 
tinother. IAarkcrs present: 

5. import:lnce: y _ S nTiljsis on molecular level and exach,-inge by Z'crossing-over"m 
c ~~ -i __ -7 + _---~-.--- - -- =-Ir;tt 1 %~,h, 



6. Abortive transduction: piece of bacterial 
ghtge does not becoxe corpjrated. 

chro;~~osar!!e irtroduced by 

cross,ng over? &amT)le of action: 
d,zts not right pxrts for 

-" 

Im~ortiince : tiaked 31U = ab1.e to $:rod;~c e mZ?XA. hot i:,cor o~),nted i::lto 
nuclear vacuole; pazsed from 2ell to cell; cant 
replicate!, 

V. ;I'oa:J.LrLson of above with higher org.1 nisms : 

(b). dame, monol:+,ger - 10;~ poxer d:,Q &I 
(c). Triturun - $li&e JJ 
( d- > II 

7, 2 slideuZistor:e removed in i>.-::ts. 

,, is" 1 ' -"" 2. Activity of JRA: 
.>;I:. 

-*ppe'-:rs t'nat hi,st;jne must be removed f'rocl i-ene before 
it can produce mXi. 
for this. 

Some Coil troll mec‘vlanism mu:+t be ::Ge?ent 
Xvidence (Mill he) reviewed by 2r. iloore. 

3. Types of ,;enes: sane kind; fo-und in the higher or;::;c:nisms. 
more sojjhis-ticated !:o trol ":;e:c.es" 

Lxpect 

oraanisms. 
to be 3re:;ent in h ,:,l:er 

+I. \_,. 
,,j 

./J .y -I 4;< (' :;;;1 
4,0r&anizati.n of the genes in hl.gher erg nis2s: S:zl,le 

in hi$;i.ler orE:anisms as in 5. coli and 3:~lmoc,ella. 
.syntLetic ontFL.xays 

Genes not 
274 -b VJ - organized in long operons. 

bacteria. 
lGore like the arginine genes in 

Not even on same chro.oso::e. 

,,@i:’ h$ 5 l 
Synapsis of hor:,ologous "moleculesi' 

in so .ntic ce-!ls. 
in hl-;2her orc,;Linisrns *-- when dip1 oid. 

,‘,e 
;:, r 

a). tiynapsis of honologo~~ chror!;oso~.es in diptera - standard. 
bj. Liode of synapsis : not clexr th3t it is molecule for molecule. 
C). Synapsis at meiosis: not alto,~~'ether a hoxologous act: inly 

initiated by homology. 
6). Linder yet unknown co:<.ditions, syna;Isis must occur in sorle cells 

in higher organisms as shown by somitic crossing over 
(see 6, below). 
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6. Somatic exchange betrqeen homologous rlarts of chro..oso es in diploids: 
a>. In fungi - sL ,-i r)erg-jL '.u~~'~'~@ 

~~~-~ c.iir..-)' 

diploid 
.,;= Yeast; etc. 

cells is not unc'ommon, 
tiomatic chDssing-over in 

b). In higher or:-;anisms: occurs on occasiL,ns: 
l,iaize : How tested: 

3rosophila:Stern angnT-&d- 

(8) cytological exam: Knob exchunges 

(b) Hare cro:;sover: cluster on ear: from som:itic event. 

d. Karity - sug;,ests some special conditions of chrol!osolies: ivaked 
LINA? ?/hen A,ene active with histone removed -- like bacteria? C) 

d). Xfficulty of observation in higher ':l,;nts :i:r_ci ar;im:.:i s : uh3r:cters. 

iLctivity of fragment chroi;l.,so. es: Com:cj;irison with abortive transd-met-ion. 
a>. Fragment of only two or three chro.1oneres in maize: Active as long 

as it is within the nucleus. (Sh Bz or just Bz fragment in 
case of Bzagment dhromosor:.e 9.)3emonstratiT: Xar of maize, . . . ,_ . . -----.& .. '-,'.d I.... * ..,. ew.-" ..-.. _ . 

b). I;hro?loso e in separate nuclei - 
nucle:lr membrane. 

Nil1 be active if they h ve a 
lf no nucl.ear membrane formed, genes not active. 

nuclear 
~vicience for function of geer:es when,membrane prese:clt:Fr?nces Cl :rk, 

tiecessive gene for divergent spindles at meiotic divisions, 

Slides: 
q&&‘&b %2J.d!L3 s7 1s ty 

sy;indle - 
I; ISormal tetrad; Jiv6mT'&--' 

spore propha;;e thrL) .gh first division in s;rjDr( 

d. Fragment of chromoso.,e - left in c,ytoplasm: Not active if no 
nucle r membrane formed: 
(1) .t-+ppe rance of fragment in Cytoplasm: pycnotic l && a[, 

(2) Proof of inactivity of 
15 -e Ir 

JI. Summary of important evidence derived 
present discussion: 

fragment: 

3reak: 0 

Beh:ivior of nucleus. 

(Ring chr.b_ml; death of cells). z 
Illustr3tiij1-as: Iiing chr. p:ipera. 

from bacterial genetics: to 



VII. Lysogeny: incor..,oration of ;IGA of episome into bacteri:il ,chr(3m;jzSoL.,e . 

1. Jhen phrtce enters a bacterium, one of two things may h?>>en: 

(2) ~onmences vegetative multiplication, as described above. Lk, 

(b) Phage DNA becomes incorporzted into b.Ycteri:ll chro.40some. Jide 3 
(1) Thage 

^I-"-- 
now multiblies along with bacterial multipl lcnti on: 

Ke~lication with bacterial 3%~ re;:lic.:ition is- y,-:rt of b3ct. 
chrorwso :!e . 

(2) Presence of i2h:l,,:e in b‘lcterial chro:lc>soi;le diet r:,ii:-ied ir several 
""7; j 

.;ill not allow g'il- e of same type to multiply in cell. 
Incoroorsted phaze produces a repressor subst::n=:e that 

represses first sttges of shage multi:>lication. 

(b). Phage s or:etimes released from b;cteria& chro:::cso.:e and 
multiplies vegetatively as above: bacterium lysed and 
phage particles released. 
induced by U.V. 

ticcurs sporitane r;--isly or 
or che.;ical treztciert. 

Lysogeny: name sssoci,:tcd .irith potential for lysinc; bract, 

2. Position where phnge is incor?or,z:tcd into b<lcterial chro:::,so. e: Iwo tyvef 
(a) Can enter any loc:;ition in the blct,:ri:al chw!loswe: U-sed for 

producing ph,-Lge for transduction of different bactei>isl 
ch.:lr-; cters : Grow b2cteri.a 
bacteri<il chroi.losor:ie ) . 

carr;Jing nDoPha,ge ( ph :t;,e 31GL:L in 
Treat with U.V. li;;ht to release ??t,,s;e. 

(b) rhage is incor->orated into one p;:lrtl.culLir position in bacterial 
chro.losome.- Example, 
b:icteria. 

Lambda ~;hage at locus of gal genes in 

(c) Induce l;rsis of tjamlb&~is carr;!ing l,azlbda. 
the t i;icks 

~ccasii::rl.a1 :ih2;_, e pzrtlcle 
up part of gal locus; loses ~az~t of its 07n i)i\iL. 

1;1ill transduce the we locus at vt:ry high frequencp a.7 a 
co;.se:luence. Sailed hi;;h fre;i;lency transducing ;i:lh lges . 

VIII. The sex-factor. k IX\TA carrying episome. Joes not lyse the batctc-rium; 

1. F fzctor exists in two different st,::tes: In cytopi::sm of the bacterium 
or incorporated i;,to the bacterial chro:noaoi.e. 

2. Ghen in cytoplasm; divides along with the bacteri,zl chro aso..e: 
%s its own replic5ti:;n system; associ::ted with cell membrane. 

7. iviembrane a-0 Cfiociutic)n of F rel:Lted to conjugation between bsctcria 
carrying F and t:.ose with no F: transfers the F factor from 
m:Lle to female through the tube: Slide_3 

iki i e Female Female becomes a male when 
Received. 

F 
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4. Incorptirxtion of F into bacterial chror'losome: Positions 
iz 

0-L 
9 D 8 

now 
;bS5. r' factor: its replication systm,takes over cor:trol of initiating 

position of replication of the bacterial chroilosome: "Dominant". 
6. Nhen incorporated into bact!r>rial chro.!~os!n;e: carries bacterial 

chrorloso 1e into female during conjugation: 

7. Position of incorporatitln of F: Varies. Any one position gives 
high frei:iuency of tr,znsfer of those genes near the origin.,.,, 
Chroi,losome entering bacterium takes 120 minutes at n.,rmal,i tern!) :r;tture 

w ChroIzosori,e cr:n be broken off during process; part that has entered 
can under go reco.<?bi?iatinn itcrossing-over" with chro~oso:.e of 
female. 

8. Factor -- co:itrolling element -- tin F factor that controls enterance of 
F into fernale,(with or without chronosoxe of toacteria att ched.) 

If vlithin bacterial ch.ronosoi.e, will carry bacterial chroz~o.~oj #e 
along with it. Resembles the controlling factor in Sciara X. r~',, 

\” 
IX. 1he sing-stranded DNA phages: Single strand in phnge p,irticle, I. 

*ring replication, a double strand and a ring.shape, 
Double strand required for replication. 

ii. Importance of double-strand: R-d for reduplication of J3.k. 
fl,?. d 'F- 

Be:luired for e_e_n~-..ac-~,i.r_!ll although onely one strand ia used for 
k transcription process0 

n1 : Amm;ary to nresent of coj:tribution of bacteria and p&,{re to genetics: 
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